A schematic model is constructed illustrating the pathways and mechanisms of adult density effects on birth rate that have been reported to operate in various taxa of insects. With this model as a guide, experimental data were collected from laboratory populations of Hippelates pusio Loew within the range of 0.15 to 25 flies per cm a (sex ratio 1:1), which revealed: a) that adult density did not affect oviposition rate via competition for oviposition site, b) the rates of oviposition for virgin and mated females were not significantly different, and c) density did not affect frequency of copulation to a degree detectable in the hatchability of eggs. These data and previous knowledge on the reproductive biology of Hippelates pusio indicate that the birth rate of this species is independent of adult density, within then density range investigated.
Introduction
The effect of population density on birth rate is a major parameter in the dynamics of animal populations. Data from experiments with many species of insects have shown that the rate of population increase is frequently density dependant. The rate of oviposition plotted against increasing density of adults commonly gives 1 of 2 types of curves: Drosophila or Allee. In the Drosophila-type the rate of oviposition is highest at the lowest density and decreases as density increases. In the Alice-type the rate of oviposition is low at the lowest densities, highest at some intermediate density and decreases at greater densities. Curves intermediate between these 2 types may occur. Mathematical models of increasing sophistication have been constructed to express these density dependent relationships. Watt (1960 Watt ( , 1968 has critically reviewed the subject, provided extensive references and developed a new mathematical model. This report presents data from laboratory experiments on the apparent absence of an effect of adult density on the birth rate of the chloropid gnat Hippelates pusio Loew, We have attempted to consider the various pathways and mechanisms by which adult density might affect the birth rate (number of newly hatched offspring per female per unit time) of an experimental population of adults (Fig. 1) . The effects associated with the two major pathways are: 1. Preovipositional (on the adults) which become expressed in the rate of oviposition and the egg fertility rate and 2. postovipositional (on the eggs) which become expressed in the egg and embryo survival rates. The behaviorial and physiological mechanisms which may be operating are shown in the broken-lines boxes. The birth rate is a function of the rate of egg production and egg hatchability which are themselves functions of both pre-and postovipositional factors.
Materials and Methods
The H. ~usio were from colonies (maintained at 27 ~ C, 55 percent relative humidity and continuous light) which were established from adult individuals collected in North Carolina in 1963. The larvae were reared in a mixture of CSM~ (Chemical Specialities Manufacturers Association) medium and vermiculite. The adults' food consisted of dried beef blood, honey, strained prunes, and yeast. Details of rearing and handling were described by Axtcll (1964) and were modifications of the techniques of Bay and Legner (1964) .
The experiments were conducted at 30 ~ 55 percent relative humidity and 320 foot candle continuous light. Adults, one day old at the beginning of the experiments, were used in a 1:1 sex ratio at various densities. The flies were sexed while anesthetized with carbon dioxide.
Two sizes (76 cm a and 12.8 cm 3) of cylindrical transparent plastic containers were the experimental units. The large ones (3.6 cm height • 5.2 cm diam.) had 2 diametrically opposite ventilation openings (0.9 cm diam.; 100 mesh screen) midway on the side of the container and a third hole (0.6 cm diam., 100 mesh screen) in the center of the cover of the container. The flies had access to water provided by a wet piece of cellucotton resting on the latter screened port. The cellucotton was covered with a small plastic vial to retard evaporation. Food was provided by 2 to 4 pieces (1.5 • 1.5 cm) of cloth strips soaked in the standard adult food mixture and glued on the inner surface of the cover. The amount of food and the food surface was large enough to exclude the possibility of starvation or competition for food even in the highest density.
The small containers (3.65 cm height • 2.15 cm diam.) had 1 ventilation opening (0.6 cm diam.; 100 mesh screen) on the side of the vial. Water was supplied through a screened opening in the cover by the same method used for the large containers. The food strips (1.0 • 1.0 era) were attached to the side wall of the vial.
In experimental studies with insects, density is usually defined as the number of individuals per some unit: Surface area, volume, number of hosts, etc. In the present work, density is defined as the number of flies (sex ratio 1:1) per unit volume. There are two possible methods for manipulating density in such experiments: 1. varying the number of insects in a constant volume, and 2. varying the volume with a constant number of insects. Although equal densities are obtained by these two methods, the insects do not necessarily respond in the same way. In the present work, the first method was utilized. The experiment, however, was repeated utilizing a different size container.
The large containers were used in the first experiment and the small ones in the second. The number of flies per container in the first experiment were: 50, 150, 200, 300, 400, 500 and 709. The corresponding densities were: 0.67, 2.01, 2.68, 4.02, 5.36, 6.70 and 9.38 flies per cm a. There were 2 replications per density. The eggs were collected on the 5th, 8th, llth, 14th and 18th day of adult life.
The number of flies per container in the second experiment were: 20, 50, 110, 170, 200, 230, 260 and 320. The corresponding densities were: 1. 56, 3.91, 8.59, 13.28, 15.36, 17.97, 20.31, 25 .00 flies per cm 3. There were 2 replications per density. The eggs were collected daily for 18 days in order to find out whether or not the density affected not only the rate of ovipositiun but also the shape of the oviposition curve with age.
Other experiments were conducted to elucidate possible density mechanisms operating and to determine the egg hatchability. These are described where appropriate in the subsequent sections.
Results
The total fecundity per female during the 18-day period from the first experiment is given in Fig. 2 (top line) . The other lines give the egg production per female per day during the indicated collection intervals. Except for the second collection, in which the rate of oviposition increased slightly with density, all other oviposition rates were not affected by density. In this experiment, a 14-fold range of density was attained.
In the second experiment, the density was increased to 25 flies per cma: The whole range covered by both experiments was 37-fold. The data from the second experiment are given in Table 1 . In both experiments there was no observable trend in change of rate of oviposition with respect to density. The tendency for a lower rate of oviposition in higher densities for older age groups, was too small to affect the total fecundity trend. Calculations of the number of eggs per day per female alive showed that the slightly lower oviposition rates at high densities of older age groups was due to the higher rates of mortality at the higher densities.
The rate of oviposition was expressed as number of eggs per day per initial female instead of number of eggs per day per female alive because the emphasis in this investigation was on the reproductive potential of a population rather than on the individual. However, when the rate of oviposition was expressed as number of eggs per day per female alive and plotted as in Fig. 2 , the curves were parallel and slightly above the ones illustrated. The same was true in the second experiment except at the highest densities in the oldest age groups. The total mortality during the 18-day period was about 20%. Thus for the purpose of this study it made no difference in which of the two ways the rates of oviposition were expressed. Replicated experiments on oviposition were done for other purposes with only one pair of flies per small container. The mean number of eggs per female from those experiments was very close to those obtained in experiment 2. Thus the fecundity of H. pusio is independent of density within the range of 0.15 to 25 flies per cm 8 (166-fold range).
Preovipositional components (Fig. 1) frequently of importance in determining the density effects on oviposition are: Competition for oviposition sites, fl'equeney of copulation, and interference (Watt, 1960) .
Possibly these components were operating in the H. pusio experimental populations but in such a way that their effects canceled each other. Therefore their joint effect would be zero. Further observations and experiments strongly suggest that this is not the case with H. pusio.
First, it is easily observed in the routine culturing of Hippelates in the laboratory that the gnats do not require any specific substrate for oviposition. Moreover, they have the tendency to oviposite their eggs in clusters, even when ample ovipositional area is available. Apparently oviposition by H. pusio is not inhibited by close proximity with each other or by the presence of eggs in the oviposition site, as is the case with some other insects and as the general models of Fujita (1954) and Watt (1960) anticipate. This conclusion was supported experimentally by employing two schemes for removing eggs from the cages. In one series of cages, the eggs were removed daily and in another series of identical cages with the same density, the eggs were removed at 3 to 5-day intervals. Any inhibiting effect of the presence of eggs on the subsequent rate of oviposition should be reflected as differential egg production in the two schemes. Such an effect was not observed (Table 2) . Second, there was no indication that density affected the rate of oviposition via frequency of copulation. As shown in Table 3 , there was no significant difference in the oviposition rate between mated and virgin females. Therefore, even if density affected frequency of copulation, this was not a component affecting the rate of oviposition. The effect of density on frequency of copulation, however, was investigated indirectly by determining the hatchability of eggs in four densities of young adults over the high section of the density spectrum (Table 4 ). The confidence intervals were computed by considering each mean as an estimate of the parameter p in a binomial distribution and by assuming a normal distribution for the estimator. No significant difference was found among the four means. Considering these seven records as replicates, the overall mean and the 95 % interval was 71.61 -t-2.54. A similar interval computed from 26 records obtained in a different experiment 1 with 100 flies per 76 cm 3 unit at 27~ gave a mean of 71.17• It is, therefore, concluded that under the experimental conditions density did not significantly affect the hatchabflity of eggs. Other mechanisms and pathways listed in Fig. 1 of H. pusio are independent of population density within the density range included in this investigation.
Discussion
The pathways and mechanisms of density effects on birth rate which are illustrated in Fig. 1 are not all functioning in every insect species. Each species, depending on its own behavioral and physiological peculiarities, reflecting the evolutionary history of the species, will utilize some combination of these effects.
Models of density effects on oviposition are bound to include many parameters since there are many components via which these effects operate. Which of these components is functioning and how, in a particular species, has to be determined. Density effects are expected to exist for insect species which require very specific oviposition sites (e.g. parasitic ttymenoptera), need copulation as a stimulus for oogenesis and oviposition, live in habitats where mutual contact is somehow impeded, or have cannibalistic habits. In species not having these behaviorM attributes, density effects are less likely to occur. Apparently this is the case with H. pusio.
The lack of any observable effect of adult density on the birth rate of H. pusio does not mean that the rate of increase of this species is density independent, since density effects may be manifested in other stages of the life cycle. There is evidence from laboratory experiments that larval competition does take place (Legner, 1966) . It is also known that parasites (Legner, 1968) and physical environmental conditions (ttummadi and DeFoliart, 1967; Karandinos and Axtell, 1967a, b) affect the rate of increase Of Hippelates. Whether these and/or other factors operate in a density-dependent fashion and/or under field conditions is not known.
